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DETECTION AND MONITORING OF HIV INFECTIONS 

present invention relates to a reagent for detecting and monitoring viral 
infections caused by the human immunodeficiency virus (HIV) and to its 
5 applications for the detection of human immunodeficiency. 

^f^^Q^,^^^^ ThG first attempts to screen for HIV infection, established in 1983 and 
>^ 1985, used a viral lysate to capmre the anti-HIV antibodies. These tests had the 
major disadvantage of lacking both sensitivity and specificity. Moreover, because 
a viral lysate was used, it was difficult to reproduce the viral antigens from one 
10 batch to the next and it was necessary to prepare virus cultures in large quantities, 
which was hazardous for the operator. 

Knowledge of the complete sequence of HIV- 1 (S. Wain-Hobson et aL, 
Cell, 1985, 40, 9 - 17) opened the way to new approaches to antigen production. 

Thus European patents EP 181 150 and EP 387 914 describe the use of 
15 genetic engineering for obtaining polypeptides (antigens) for detecting anti-HIV- 1 
antibodies. 

These advances allowed the development of HIV serodiagnosis (detection 
of the immunoglobulins in the serum). The anti-HIV- 1 antibodies produced are 
thus detected by reaction with one or more antigens which react more or less 
20 specifically with said antibodies. 

However, the immunoassays which use such reagents generally have a low 
sensitivity, especially when there is a low affinity between the test antibody and the 
selected antigen. This is particularly the case with a recent seroconversion and/or 
with the appearance of a new HIV subtype. 
25 In fact, such an immunoassay must be sensitive, reliable, specific, simple 

and rapid; however, the sensitivity of these tests depends essentially on the choice 
of antigen or reagent, which is why numerous researches have been carried out to 
develop more sensitive and more specific antigens. 

To^solve the particular problem of lack of sensitivity, some authors have 
30 proposed the Use of different antigens in combination. 

The various approaches which have been used are as follows: 

- use of one or more synthetic peptides containing different HIV coding 
regions (J. Wang et al., PNAS, 1986, 83, 6159 - 6163); patent application 
EP 220 273, for example, describes a series of peptides containing 6 to 49 amino 
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acids and especially a peptide containing the immunodominant epitope of the 
transmembrane glycoprotein gp41 (peptide 39); 

- use of labelled peptide antigens originating from an HIV domain (patent 
US 5 221 610); and 

5 -use of biotinylated peptides derived from gp41, the V3 loop or gpl20: 

WO 93/18054; EP 307 149. 

The work on synthetic peptides (J. Wang et al., PNAS, 1986, 83, 6159 - 
6163 and patent application EP 220 273, for example) demonstrated the value of 
using synthetic peptides and mixmres thereof, instead of recombinant proteins or 
10 the complete virus (viral lysate), for detecting anti-HIV antibodies with a view to 
improving the quality of the immunoassays. 

Tests based on the use of said . peptides performed better in terms of 
sensitivity, specificity and reproducibility, the cost price of the reagents was lower 
and there was no danger of contamination associated with cultivation of the virus. 
15 This work was subsequently followed up by numerous groups (patent application 
EP 0 278 148, patent application EP 0 214 709). 

However, these synthetic peptides and mixtures thereof are still unable to 
avoid false negatives (insufficient sensitivity). 

In order to achieve a sufficient sensitivity to be able to detect recent sero- 
20 conversions and the new HIV subtypes, it was proposed (patent application 
EP 0 857 73 1) to use the following reagents: 

* peptide mixtures obtained from a sequence comprising a variable epitopic 
domain derived from gp41 or gpl20; said peptides have a length of 6 to 50 amino 
acids, constitute variants of said epitopic domain (sequence homologies of at least 

25 30% with the native epitopic domain or a consensus sequence) and contain the 
following in selectively chosen positions: 

- at least one labelling group, activating group or group for binding to a 
solid phase, and/or 

- one or more amino acids selected from a mixture of amino acids selected 
30 from known variants of said epitopic domain, or arbitrarily selected; 

* multimeric antigenic compositions of the general formula 
pi {p2[p3(p'*)jj^ in which ?\ P", P^ and P** are peptide mixtures as defined above, r 
= 1 or 2, s = 0 to 4 and t = 0 to 8; or 

* polyhapten compositions of the general formula (P)„T(-L)^ or T(-P-L^)„, 
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in which T is a support, P is the peptides of the peptide mixture as defined above, L 
is labelling groups or groups for binding to a solid phase, n is an integer between 2 
and 100 and m is an integer between 1 and 10. 

These different compositions or mixtures generally contain between 2 and 
2000 and up to 10'^ peptides comprising different individual peptide sequences 
which are as close as possible to a predefined statistical distribution; they can be 
used as immunological reagents. 

However, even though these mixtures afford a better sensitivity, they are 
incapable in particular of providing an effective solution to the problem of the 
reliable detection of new virus subtypes and mutated viruses. Now, HIV-1 is 
subject to frequent mutations; in this context, some of these viruses are poorly 
detected, if at all, by these tests precisely because of the mutations they carry, the 
consequence being that subjects contaminated with these viruses are not detected 
(false negatives). 

It is for this reason that the Applicant set out to provide a novel reagent for 
detecting HIV infections which is capable of being used in enzyme immunoassays, 
is both specific and sensitive and affords an increase in sensitivity of at least 15 to 
30% compared with the reagents of the prior art. Such a reagent meets practical 
needs better than the reagents of the prior art within the framework of enzyme 
immunoassays, especially of the ELISA type. 

This novel reagent makes it possible in particular to provide an effective 
solution to the problem of detecting new virus subtypes and mutated viruses. 

The present invention relates to a reagent for detecting an infection caused 
by a human immunodeficiency virus, characterized in that it comprises a mixture 
consisting of (1) an antigenic fi^agment or peptide coded for by the pol gene of 
HIV-1 and comprising at most 60 amino acids, preferably between 20 and 40 
amino acids, and (2) a mixture (called a mixotope) of convergent combinatorial 
peptides derived from said antigenic fragment. 

In terms of the present invention, a mixture of (1) and (2) is understood as 
meaning either the association of (1) and (2) in said mixture or the sequential 
association of (1) and (2) on a solid support. 

In terms of the invention, a mixotope is understood as meaning a mixture of 
all the combinatorial peptides obtained from the selected antigenic fragment by 
artificial or constructed degeneration; they are preferably obtained in the course of 
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a single synthesis and represent the peptide antigen and its variability in its 
function of recognizing an antibody population; different mixotopes can be 
obtained from the same peptide; the factors involved in the constitution of a 
mixotope are: 



antigenic peptide (total or partial degeneration); and 

- on the other hand the mode of selecting the amino acid substitution of said 
native antigenic peptide; for each position of the sequence of the chosen native 
antigenic peptide, the amino acid substitution is selected on the basis of the 

10 replacement template established by H.M. GEYSEN et al. {J. MoL Recog., 1988, 1, 
32 - 41) or modified as illustrated in Figure 1, taking the antibody recognition 
tolerance into account, as a function of the amino acid substitution in the linear 
epitopes: for a given position, it is preferable to choose the amino acids v^ith the 
highest percentage "replaceability". However, it is preferable to take into account 

1 5 the conformation of the natural epitopes prior to degeneration. 

In terms of the present invention, the mixotope consisting of convergent 
combinatorial peptides derived from a native antigenic peptide therefore represents 
an artificial and unnatural degeneration of the native structure by the systematic or 
partial replacement of each amino acid with another amino acid derived from 

20 GEYSEN's replaceability template or from the template shown in Figure 1, 

Said mixotope, which can also be called a convertope, differs from the 
mixotopes described in H. GRAS-MASSE et al. {Peptide Research, 1992, 5, 4, 
211-216), which are divergent peptides obtained by natural degeneration taking 
into account the natural antigenic variations or antigenic variations frequently 

25 observed in the course of evolution, said peptides being intended for vaccination 
purposes. 

Again in terms of the invention, a constructed replaceability template is 
understood as meaning a template which does not reproduce the natural variations 
or variations frequently observed during evolution; GEYSEN's replaceability 
30 template or the template shown in Figure 1 is particularly suitable. 

Surprisingly, the reagents according to the invention make it possible to 
obtain reliable, reproducible, very sensitive and very specific results insofar as the 
combinations according to the invention exhibit a synergistic effect in the detection 
of the antibodies induced by the viruses; in particular, a 15 to 30% increase in 
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sensitivity is obtained. 

In one advantageous embodiment of the reagent according to the invention, 
said antigenic peptide corresponds to an epitope of the integrase coded for by the 
pol gene of HIV- 1 and preferably corresponds to the sequence KIQNFRVYYRDS- 
5 RDPLWKGPAKLLWKGEGAWIQDN (SEQ ID NO:l) (HIV-POL); it has the 
advantage of possessing only a few natural permutations within the groups M and 
O and class M subtypes. 

According to one advantageous provision of this embodiment, said selected 
antigenic peptide (HIV-POL) has been rigorously degenerated on the basis of the 
10 replacement template established by GEYSEN et al., mentioned above, or modified 
as illustrated in Figure 1, which affords more than 10'° peptides. 

Unexpectedly, combining an epitope of the integrase (preferably immuno- 
dominant fragment) with a mixotope derived from said epitope significantly 
improves the sensitivity and specificity of the enzyme immunological 
15 serodiagnosis of HIV-1; in fact, such a reagent will make it possible to detect 
antibodies with a low affinity for the native sequence. The combination of native 
peptide with mixotope, called MIXO(HIV-POL), makes it possible to increase the 
reactivity of the mixture of antigens towards the antibodies naturally produced 
against the parent structure (high and low affinity for the latter). 
20 In particular, the combination of HIV-POL with its mixotope, MIXO(HIV- 

POL), makes it possible to increase the sensitivity of the serodetection by at least 
15% while at the same time exhibiting 100% specificity. 

The mixture of degenerated peptides artificially produced during one and 
the same synthesis is combined with the native peptide. Unexpectedly, such a 
25 combination makes it possible to increase the reactivity of the mixture of antigens 
produced against the antibodies naturally induced by the virus. 

In another advantageous embodiment of the reagent according to the 
invention, the antigenic peptide (1) and the mixotope (2) are attached to a solid 
support, preferably microtitre plates. 
30 According to one advantageous provision of this embodiment, said peptide 

(1) and said mixotope (2) are attached to said support sequentially. 

In another advantageous embodiment of the reagent according to the 
invention, the ratio of antigenic fi-agment to mixotope in the mixture is between 
1:10 and 1:100. 
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The present invention further relates to an enzyme immunological method 
of diagnosing an HIV-1 infection, characterized in that it employs a reagent 
according to the invention. 

In one advantageous mode of carrying out said method, it comprises: 

- bringing a serum to be analysed into contact with a reagent as defined 

above; 

- adding anti-human Ig antibodies coupled with an enzyme; and 

- qualitatively and/or quantitatively disclosing the anti-integrase antibodies 
which may be present in the serum to be analysed by adding the enzyme substrate. 

In another advantageous mode of carrying out said method, it comprises: 

- attaching a reagent according to the invention to a support such as a 
microtitre plate; 

- adding the serum to be analysed; 

- detecting the attachment of the anti-integrase antibodies present in said 
serum by adding anti-human IgG antibodies coupled with an enzyme; and 

- qualitatively and/or quantitatively disclosing said antibodies in a spectro- 
photometer by adding the enzyme substrate. 

The present invention further relates to a kit for diagnosing an HIV 
infection, characterized in that it comprises at least one reagent according to the 
invention. 

Apart from the foregoing provisions, the invention also comprises other 
provisions which will become apparent from the following description referring to 
Examples of how to carry out the method forming the subject of the present 
invention, and to the attached drawings, in which: 

- Figure I illustrates an amino acid replacement template modified relative 
to that of H.M. GEYSEN (reference cited above); the mixotope MIXO(HIV-POL), 
degenerated form, is obtained by systematic replacement of each amino acid with 
its homologue taken firom GEYSEN's replaceability template. 

- Figure 2 illustrates the amino acid composition of the peptide HIV-1 -POL 
determined 24 h after total acid hydrolysis (TAH) (black histograms), compared 
with the theoretical composition calculated on the basis of an equimolecular 
amount of each amino acid introduced into the degenerated positions (white 
histograms). The one-letter code is used for the amino acids. B represents Asn or 
Asp; Z represents Glu and Gin. 
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- Figure 3 shows the amino acid composition of the mixotope MIXO(HIV- 
POL) determined 24 h after total acid hydrolysis (TAH) (black histograms), 
compared with the theoretical composition calculated on the basis of an 
equimolecular amount of each amino acid introduced into the degenerated 
positions (white histograms). The one-letter code is used for the amino acids. B 
represents Asn or Asp; Z represents Glu and Gin. 

- Figure 4 illustrates the IgO reactivity of 20 HIV- 1 -seropositive sera (1) and 
26 HIV- 1 -seronegative sera (O), characterized by immunofluorescence with the 
peptide HIV-POL attached to a solid support at a rate of 0.1 fig/well (Figure 4A) or 
at a rate of 1 }ig/well (Figure 4B). The horizontal line represents the threshold 
value corresponding to the mean obtained with the seronegative sera + 3 standard 
deviations (SD). These Figures show the number of sera on the abscissa and the 
absorbance at 492 nm on the ordinate and correspond to an ELISA using the HIV- 
POL sequence (SEQ ID NO: 1). 

- Figure 5 shows the effect of the mixotope MIXO(HIV-POL) on the IgG 
reactivity of the HIV- 1 -seropositive sera (|) and the seronegative sera (O) at two 
different concentrations - 1 |ag/well (Figure 5 A) or 10 ^g/well (Figure 5B) - in an 
ELISA. The horizontal line represents the threshold value corresponding to the 
mean of the control sera + 3 SD. These two Figures show the number of sera on 
the abscissa and the absorbance at 492 nm on the ordinate. 

- Figure 6 illustrates the effect of the association of peptide HIV-POL + 
mixotope MIXO(HrV-POL) on the IgG reactivity of the seropositive sera (j) and 
seronegative sera (O) in ELISAs. Each well in the microtitre plate is sequentially 
coated with 1 ^tg of peptide HIV-POL and then with '10 jag of mixotope 
MIXO(HIV-POL) and brought into contact with the sera. 

It must be clearly understood, however, that these Examples are given 
solely in order to illustrate the subject of the invention without in any way 
implying a limitation. 

EXAMPLE 1 : Preparation of the reagents according to the invention 

a) Synthesis of the peptide : 

The native peptide HIV-POL (SEQ ID NO:l) is synthesized in the solid 
phase using the conventional strategy of the Boc-benzyl (or Fmoc) type in an 
automated peptide synthesizer (model 430A, Applied Biosystems Inc.), The 
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protective groups on the side chains are as follows: Asn (Trt), Gin (Trt), Asp 
(OChx), Glu (OChx), Ser (Bzl), Thr (Bzl), Arg (Tos), Cys (4-MeBzl) and His 
(Dnp) (cf. R.C. SHEPPARD, Peptide Synthesis. Comp. Org. Chem., 1979, 5, 321 - 
363). 

5 The amino acids are introduced using the HBTU/HOBt activation protocol 

with systematic double coupling on a Boc-Gln-Pam resin (Applied Biosystems). 
After thiolysis of the dinitrophenyl group, Dnp, followed by final deprotection and 
cleavage with hydrofluoric acid, the cleaved deprotected peptide is precipitated and 
washed with cold diethyl ether, then dissolved in 5% acetic acid and lyophilized. 

10 The peptide is purified to more than 90% on a 100 A Nucleosil CIS 

preparative RP-HPLC column of 5 mm x 250 mm (Macherey Nagel, Dtiren, 
Germany) and said peptide is then characterized. 

The homogeneity is confirmed by analytical HPLC on a Vydac CIS 
column eluted with a solvent system (TFA/acetonitrile/water) in a Shimadzu 

15 apparatus. 

The purity of the peptide, which is greater than 96%, is determined by 
analytical reversed-phase HPLC. 

The sequence identity of the purified peptide is confirmed by determination 
of the amino acid composition and by mass spectrometry (MALDI) (calculated: 
20 4258.9 [M+H^, found: 4260.0). 

The amino acid composition (with the exception of tryptophan), controlled 
by total acid hydrolysis (TAH), is shown in Figure 2. Valine is found to be 
underrepresented (Figure 2), this being justified by a concatenation of aliphatic 
amino acids which are difficult to hydrolyse and include two of the three valines 
25 (AWI) of the native peptide HIV-POL. 

b) Preparation of the mixo topes : 

These are prepared as described in H, GRAS-MASSE et al., cited above. 
Briefly, equimolar amounts of protected amino acids are weighed out and 
used in the coupling reactions. 
30 To compensate for the kinetic differences in the reactivities of the different 

amino acids, a first coupling is performed with 1 mmol (total amount) of Boc- 
amino acid (or a mixture of Boc-amino acids), A second coupling, using 2 mmol 
(total amount), is then performed systematically. After cleavage with hydrofluoric 
acid, the crude peptide is dissolved in TFA (30 ml) and precipitated by adding said 
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peptide to a solution of cold diethyl ether (300 ml). 

After centrifugation, the precipitate is dissolved in water and lyophilized. 
After oxidation of the solution in air at neutral pH, the mixotope is purified by gel 
filtration on a TSK HW 40S column (Merck, Darmstadt, Germany). An aliquot of 
5 each purified mixotope is subjected to total acid hydrolysis for 24 hours with a 
mixture of 6 N HCl and phenol (10:1) in order to determine the amino acid 
composition. 

The replacement of the amino acids of MIXO(HIV-POL) is specified in 
Figure 1. After purification by gel filtration (TSK HW 40S), a sample of the 

10 fraction used in the ELISAs is subjected to TAH, giving the result shown in Figure 
3. As for TAH of the native peptide (HIV-POL), valine (V), but also isoleucine (I), 
are found to be underrepresented after TAH of the MIXO(HIV-POL). The fact that 
valine has been replaced by isoleucine in the mixotope and forms part of a highly 
hydrophobic sequence of the mixotope, which is therefore difficult to hydrolyse, 

15 provides an explanation for the reduced amounts of Val and He in the result of this 
TAH (Figure 3). 

c) Examples of different reagents according to the invention : 
The sequences of the peptide HIV-POL and the mixotopes derived 
therefrom are shown in Figure 1 . 

20 These reagents are preferably attached to a solid support (microplate) at a 

concentration of 0. 1 jag/well for the peptide HIV-POL and at a concentration of 10 
jag/well for the mixotopes. 



EXAMPLE 2 : Enzyme immunoassay employing a reagent according to the 
25 invention for the serodetection of HIV-1 
A. Equipment and methods : 

-ELISA: 

Wells of microtitre plates (Nunc, Maxisorp, Rocksilde, Denmark) are 
coated overnight at 4°C either with 0.2 ml of peptide HFV-POL (SEQ ID NO:l), or 
30 with a mixotope MIXO(HIV-POL) (0.5 |ag/ml in 50 mM NaHC03, pH 9.6), or 
sequentially with 0.2 ml of peptide HIV-POL (0.5 |ag/ml) and 0.2 ml of mixotope 
MIXO(HIV-POL) (50 ng/ml). 

Each well is then washed with 0.01 M phosphate buffer containing 1,8% 
NaCl, pH 7.4 (PBS), and the excess binding sites are blocked with albumin 
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(addition of 0.3 ml of 2% BSA (bovine serum albumin) in PBS at 37°C for 60 
minutes). 

After 3 washes with 0.3 ml of PBS containing 0.5% Tween 20 (Sigma) 
(PBS-T), the human test sera are diluted to 1/50 in PBS-T containing 2% bovine 
5 serum albumin (BSA) and are incubated in wells containing the reagent according 
to the invention, as specified above, for 120 minutes at 37^C in a humidified 
atmosphere. 

After 4 washes, peroxidase/anti-human IgG-A-M goat antibody conjugates 
(Diagnostic Pasteur), diluted to 1/10,000 in PBS-T containing 2% BSA, are 
10 incubated for 60 minutes at 37°C, 

The conjugated antibody, which binds to the Igs attached to the support, is 
disclosed for its peroxidase activity, the substrate used being o-phenylenediamine 
dihydrochloride and H.Os in 0.05 M citrate buffer, pH 5.5, for 30 minutes in the 
dark at room temperature. 
15 The reaction is blocked by adding 4 N HjSO^ (50 |il). The absorbance is 

recorded against a blank at 492 nm (A492) with an automatic multichannel reader 
(Mr 5000, Dynatech). 

The mean of A492 + 3 standard deviations (SD) for the seronegative samples 
is used as the threshold value in the ELISAs. 
20 - Measurement of the avidity of the binding to the antibody : 

The specificity of binding of the positive sera to the different mixotopes in 
the solid phase is evaluated by absorbing the antibodies with the native antigen 
HIV-POL in solution using the method of B. FRIGUET et al. (J. Immunol. 
Methods, 1985, 77, 305 - 319). 
25 This method is based on measurement of the ft-ee antibody concentration by 

an indirect ELISA method when the antigen HIV-POL and the antibodies are in 
equilibrium in solution. 

The antigen HIV-POL, at different concentrations (10 **^ M to 2.10"^ M), is 
first incubated in solution (PBS-T + 2% BSA) with a seropositive serum at 
30 constant concentration (1/50) until the equilibrium state is reached. 

After incubation for 18 hours at 4*^0, 200 jal of each mixture are transferred 
to the wells of a microtitre plate, previously coated with peptide HIV-POL (0.2 ml, 
corresponding to 0.5 |ig/ml) or a mixotope MIXO(HIV-POL) (50 jag/ml, 0.2 ml) in 
50 mM NaHCOj, pH 9.6, and are incubated for 60 min at 20°C. 
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After washing with PBS-T, the bound immunoglobulins are detected by 
adding anti-human IgG-A-M goat antibodies coupled with peroxidase. 

The conjugated antibody, which binds to the Igs, is disclosed by the 
peroxidase activity as described above. This method gives the curves of binding 
5 displacement A/Ao as a function of log(ao). A precise estimation of the mean 
avidity of the serum containing the anti-HIV-POL antibodies is given by the 
equation Ao/(Ao - A) = l/v = 1 + Kd/ao, in which ao is the concentration of total 
soluble antigen, A and Ao are the absorbances at 492 nm with and without 
blocking antigen, respectively, and v is the fraction of bound antibody, provided 
10 the various conditions explained in FRIGUET et al. are satisfied. 

B, Results : 

a) Binding of serum antibodies to HIV-POL (HIV-POL ELISA): 

The reactivity of the anti-HIV-POL human IgGs towards the peptide HIV- 
POL is analysed by ELISA on different sera: 20 seropositive sera (confirmed by 
15 western blotting) and 26 seronegative sera. 

65% of the HIV- 1 -seropositive sera (13 out of 20 sera), diluted to 1/50, are 
detected with the antigen HIV-POL used at a coating concentration of 0.1 |ag/well 
(Figure 4A). A higher concentration (1 |ag/well) results in the appearance of a 
false-positive serum, causing the specificity to drop from 100% to 95% (Figure 
20 4B). 

b) Binding of serum antibodies to mixotopes (mixotope ELISA): 

The mixotopes were tested as antigens in the solid phase at two 
concentrations: 0.1 jig and 10 |ig/well (Figure 5). 

The use of MDCO(HIV-POL) by itself in the ELISAs (Figures 5 A and 5B) 
25 is not satisfactory because the sensitivity of IgG detection does not exceed 50% at 
the best coating concentration (Figure 5B). 

With the mixotope MIXO(HIV-POL), on the other hand, a decrease is 
observed in the signal produced by the sera of HIV- 1 -seronegative patients. This 
property of the mixotope is utilized in the peptide combination test. 
30 c) Binding of serum antibodies to reagent according to the invention 

(combinations of peptide HIV-POL H- mixotope) (HIV-POL + mixotope ELISA): 

If the ELISA plates are coated sequentially with the native peptide at a 
concentration of 1 |ig/well, resulting in a decrease in specificity (Figure 4B), and 
then with its mixotope MIXO(HIV-POL) at its most effective concentration (10 
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|ag/well), it is observed (Figure 6) that this combination does not cause any false- 
positive sera to appear and, in particular, it makes it possible to increase the 
detection of HIV- 1 -positive sera from 65% (native peptide by itself) to 80%. The 
combination of HIV-POL with its mixotope MIXO(HIV-POL) afforded a 15% 
increase in the sensitivity of the serodetection while at the same time exhibiting 
100% specificity. 

As is apparent from the foregoing description, the invention is in no way 
limited to those modes of execution, embodiments and modes of application which 
have now been described more explicitiy; on the contrary, it encompasses all the 
variants thereof which may occur to those skilled in the art, without deviating from 
the framework or the scope of the present invention. 



